Background and Aims
Introduction
Healthcare workers (HCW) have increased risk of exposure to infectious diseases and infected HCW represent a potential source for onward transmission of pathogens to susceptible patients. It is important that these risks are minimized, both by reducing exposure and by vaccination in the case of vaccine-preventable infections. In the Lao People's Democratic Republic (PDR), the 18,017 HCW (2005), corresponded to a ratio of only 3.21 per 1000 population [1] . Whilst there are no data on the immunity of Lao HCW against important infectious diseases, exposure is probably high considering that the lack of resources undermines vaccination coverage and post-vaccination follow-up for this important risk population. In addition, low rates of childhood vaccination within the country and waning of vaccine-induced antibodies in adults further exacerbate their risk.
Hepatitis B virus (HBV) infection is endemic in Lao PDR. 45% of the general population have been exposed to HBV and 8-10% of the population are chronically infected [2] [3] [4] . HBV vaccination was first added to the Lao National Immunization Program in 2001. HCW are particularly at risk of HBV infection through contacts with their patients' body fluids [5] . For instance, unprotected HCW have an up to 30% risk of infection in case of an injury with a HBsAg positive needle [5] [6] [7] .
The mode of transmission for hepatitis C virus (HCV) is similar to HBV, although the risk of infection by HCV after a needle-stick injury is much lower (<5%) [8] . To our knowledge, there are no comprehensive seroprevalence data published on HCV in Lao PDR but about 1.1% of blood donors are HCV positive [4] . In neighbouring countries the seroprevalence is less than 2% [9, 10] . There is currently no licensed vaccine against HCV.
Measles and rubella are important, highly contagious, childhood diseases which can result in fatal complications. Although they are both included in the Lao childhood national immunization programme, the epidemiology of these diseases is not well established in the country. Given the low measles vaccine coverage in Lao PDR [11] and the only recent introduction of rubella vaccine to the national immunization schedule, it is likely that a considerable proportion of adults continue to be susceptible to both measles and rubella infections. Varicella zoster virus is another important childhood infection, but the vaccine is not part of the national immunization schedule and no data exist on the disease prevalence in Lao PDR.
The diphtheria and tetanus vaccine (in combination with pertussis, haemophilus influenzae and HBV; DTP-HepB-Hib) is part of the Lao childhood vaccination schedule. However, recent diphtheria outbreaks and our own data suggest that the coverage and effectiveness of the vaccine is low [12] . There are currently no nationwide seroprevalence data available in Lao PDR on either diphtheria or tetanus.
Many countries advise that HCW should receive 3 doses of HBV vaccine [7, [13] [14] [15] [16] . Furthermore, if there is no evidence for immunity to measles, mumps and rubella, 2 doses of vaccine are recommended. Similarly, a booster for diphtheria, tetanus and pertussis and varicella vaccine should be given to non-immune HCW [16] . Other recommendations include management of risk of infection by increased awareness and protection [17] . Nevertheless, in Lao PDR there is currently no national policy with respect to immunisation or serological screening of Lao HCW.
The objective of this cross-sectional seroprevalence study is to determine the level of exposure and risk of infection in Lao HCW against HBV, HCV, measles, rubella, tetanus, diphtheria, and varicella zoster.
Methods

Study population
Between March and December 2013, HCW were recruited from 3 central, 2 provincial and 8 district hospitals within Vientiane Capital, Huaphan and Boulhikhamxay provinces in Lao PDR. Participation was offered to all HCW in each site and all volunteering HCW were included. Following written informed consent, 9ml of venous blood was collected and age, sex, length of time in the job, job description and numbers of children and self-reported vaccination history were recorded. As there is no vaccination programme or pre-employment serological testing for HCW in the country and no vaccination records are available in these adult age groups, we had to rely on self-reported history of vaccination. Results from the HBV and HCV serological testing were reported to the participants and anonymous data were shared with the hospital management according to the informed consent. The study was authorized by the Lao National Ethics Committee for Health Research (2013: 038/NECHR).
Serological testing
Sera were tested by ELISA for the presence of antibodies against hepatitis B surface antigen (anti-HBs), core antigen (anti-HBc) and hepatitis C virus (anti-HCV). Anti-HBs negative, anti-HBc positive sera were also tested for the presence of hepatitis B surface antigen (HBsAg). All hepatitis ELISA kits were obtained from Diasorin, Italy. IgG antibodies specific for measles, rubella, varicella zoster, tetanus and diphtheria were detected using Euroimmun ELISA kits. According to the manufacturers' recommendations, diphtheria antibody titres less than 0.1 IU/ml were defined as minimal or not protective, those between 0.1 and 1.0 IU/ml were considered as providing safe protection and titres above 1.0 IU/ml indicated long-term protection. Similarly, for tetanus, antibody levels less than 0.1 IU/ml were classified as negative or uncertain, those between 0.1 IU/ml and 0.5 IU/ml indicated short-term protection, between 0.5 IU/ml and 1.0 IU/ml medium protection and those above 1.0 IU/ml showed long-term protection. An ethically compliant dataset will be made available upon request, subject to approval of the competent ethical committee.
Statistical analysis
Data were analysed using Microsoft Excel, Graphpad Prism and STATA by T tests, Chi-square and multi-variate logistical regression. Stratification of data was done to control for confounding variables.
Results
Participants' profile
The 1128 participating HCW were 15 to 69 years of age (mean age 37 years); 79.8% were females. Between 51 to 71% of HCW participated in the central hospitals, 56 to 90% in the provincial hospitals and 56 to 100% in the district hospitals. The participants worked in a variety of different departments within the hospitals. The majority (64.9%) were clinical staff. More than two thirds were married (69.4%); 37.1% had no children, 17.4% had 1 child and 45.5% had 2 or more (up to 12 children). Only 262 participants provided information on the duration of hospital employment. This ranged from less than 12 months to 40 years with a mean of 13 years (Table 1) .
Hepatitis B and C serology
A large proportion of HCW (30.2%) were negative for both anti-HBc and anti-HBs antibodies; 16.7% were anti-HBc antibody positive, anti-HBs negative; 21.0% were anti-HBc negative, anti-HBs positive and 32.2% were anti-HBc positive, anti-HBs double-positive (Fig 1) . Only 52.6% of HCW reported having been vaccinated against HBV, but among these only 61% had protective levels of anti-HBs, compared to 47.5% of individuals with uncertain vaccination history and 44.1% of those who reported having had no previous HBV vaccination ( Table 2) . Anti-HBc antibodies were detected in 59.3% of males and 46.1% of females, representing 48.8% of all participants. Below 40 years of age the anti-HBc prevalence was 42.5%, which increased to 57.6% in those 40 years or older (p<0.0001; Table 3 ). When stratified by age, there was no association between anti-HBc antibody prevalence and length of time in job. Out of those who reported no previous vaccination, a higher proportion were anti-HBc positive (56.1%) compared to those who reported vaccination (44.1%; p<0.001). There were no significant differences in anti-HBc prevalence between central, provincial and district hospitals.
HBsAg was detected in 11.5% of males and 7.1% of females, corresponding to 8.0% of all participants. Below 40 years of age HBsAg prevalence was 6.5%, compared to 10.2% in the older participants (p<0.05; Table 3 ). There was a significant difference between HBsAg prevalence in central, provincial and district hospitals (4.8%, 16.8% and 10.5%, respectively; p<0.0001) and this could not be attributed to differences in average ages (36 years old in central and 38 years old in provincial and district hospitals). There was no significant difference in HBV serology between clinical and non-clinical staff.
Anti-HCV antibodies were detected in 3.9% of participants. Those below the age of 40 years had an anti-HCV prevalence of 1.9% which increased to 6.8% in those 40 years of age or older (p<0.0001; Table 3 ). There was a significant difference between anti-HCV prevalence in central, provincial and district hospitals (1.7%, 6.8% and 7.4%, respectively; p<0.0001). No association was found with other measured parameters.
Measles, rubella and varicella zoster virus serology
The majority of participants (95.4%) were positive for measles IgG, 1.7% were negative and 2.9% equivocal. Only 15.3% reported previous vaccination against measles whilst 60.9% were reported unvaccinated and 23.8% uncertain. There was no significant association between measles IgG and any of the measured parameters, including age and hospital setting. Similarly, most participants (86.2%) were positive for rubella IgG, 10.8% negative and 3.0% equivocal. More females than males were rubella negative (11.9% and 6.6%, respectively). Out of 389 participants with no children, 15.2% remained seronegative for rubella, as compared to 8.3% of 674 participants with children (p<0.001). 13% of participants reported vaccination against rubella. There was no significant difference in rubella antibody prevalence between those reporting previous rubella vaccination and the others.
Almost all participants (95.0%) had anti-varicella IgG with 3.4% negative and 1.6% equivocal.
Diphtheria and Tetanus serology
Protective levels of diphtheria antibodies were detected in 55.3% of participants but only 8.5% had long-term protection (Figs 2 and 3) . The other 44.7% had uncertain or no protection against diphtheria. The proportion of protective diphtheria antibodies increased from 46.4% of participants younger than 40 to 67.2% of participants 40 years of age (p<0.0001; Table 3 ). Diphtheria antibodies alone, without tetanus antibodies, were detected in 10% of participants. There was a significant difference between anti-diphtheria prevalence in central, provincial and district hospitals (57.2%, 42.6% and 58.4%, respectively; p<0.0001). No other parameters correlated with diphtheria antibody prevalence.
Protective tetanus antibodies were detected in 78.8% of participants, with long-term protection in 59.6% and 21.2% with uncertain or no protection. There was a significant decline in tetanus antibodies with age, with 82.1% of participants under 40 years old and 74.1% aged 40 or over having protective antibodies (p<0.005; Table 3 ). Many more male participants had uncertain or no protection against tetanus than females (62.0% and 10.2%, respectively; p<0.0001, Fig 2) . 11.2% of participants were seronegative for both diphtheria and tetanus (Fig 3) .
Discussion
In this study, we estimated the susceptibility of healthcare workers from central, provincial and district hospitals to 6 vaccine-preventable infections and against HCV. There is no national policy for HCW HBV vaccination and most hospitals do not keep records of the vaccination status of their staff. The Lao Ministry of Health has begun to provide some hospitals with adult doses of the vaccine, albeit less than required to fully vaccinate all HCW.
Childhood vaccination against HBV was only introduced gradually after 2001, i.e. well after birth of the HCW. Nevertheless, 53.1% of HCW had detectable anti-HBs antibody levels. While this is higher than the anti-HBs antibody prevalence in Lao blood donors (27.7% [3] ) and pregnant Lao women (37.4%, [2] ) it is very low for HCW. It reflects the poor vaccination coverage within HCW despite their high risk, and the absence of a national vaccination policy for HCW. In our study, 52.6% of participants reported previous HBV vaccination but 39% of these individuals did not have protective levels of anti-HBs antibodies. This confirms that vaccination histories are self-reported even by HCW and are poor indicators of vaccination [18] [19] [20] [21] [22] . Vaccination avoidance, poor quality vaccines and vaccine non-or low-responders [23] may aggravate the low anti-HBs detection rates. Importantly, given the lack of vaccination records, the proportion of HCW receiving all 3 doses of the HBV vaccine was not known in this study.
16.7% of the HCW were anti-HBc positive, anti-HBs negative including 8.0% HBsAg positive carriers. It is not clear how many of these would be protected by low levels of undetectable anti-HBs antibodies [24] [25] [26] .
WHO estimates that every year in the Western Pacific Region B, which includes Lao PDR, 269,000 and 953,000 HCW are exposed to at least one percutaneous sharp injury contaminated with HCV and HBV [27] . 48.8% of our HCW had antibodies against HBc and 8.0% were HBsAg positive, similar to previous studies in adults from Lao PDR [2] [3] [4] . As in these previous studies, antibody and antigens prevalence increased significantly with age and there was no (age-independent) increase with time on the job. Interestingly, we did not see a significant difference between clinical and non-clinical staff regarding HBV exposure or HBsAg prevalence. Thus, clinical workers do not seem to have an increased risk of HBV exposure. However, the distinction between clinical and non-clinical staff is sometimes blurry, in as much as a number A high proportion of participants had anti-HCV antibodies (3.9%). This seroprevalence is higher than the 1.1% reported among first-time Lao blood donors [4] and also higher than neighbouring Thailand (2.15%) [9] and rural Vietnam (1%) [10] . Again, there was an increase in seroprevalence with age, indicating increased exposure in older participants but there was no clear association with clinical HCW or time on the job. The high level of chronic HBV and HCV infections may represent a considerable risk for patients, in particular during invasive procedures. That the prevalence of HBsAg and anti-HCV was significantly lower in the central hospitals than the district and provincial hospitals may reflect an increased awareness and better safety policy within those hospitals.
Diphtheria antibody seroprevalence was very low, with only 55.3% being protected. This is similar to the 60% seroprevalence in a cohort of 1000 mothers from Boulhikhamxay, Khammouane and Vientiane provinces (unpublished data). Vaccination against diphtheria, tetanus and pertussis (DTP) was introduced in Lao PDR in 1979, but nationwide coverage was only reached 10 years later. Thus, most adults older than 24 and all above 34 were born before the introduction of diphtheria containing vaccines. Nevertheless, the diphtheria seroprevalence increased with age (43.7% <25 years; 63% >35 years; p<0.0001) either because of exposure or supplementary immunization activities (probably in the general population). Diphtheria antibodies alone, without antibodies against tetanus, were detected in 10% of participants indicating past exposure to diphtheria or in some cases perhaps waning of tetanus antibodies. Since many HCW were born before general childhood vaccination against diphtheria the 45.3% of HCW with antibodies against both diphtheria and tetanus is high (36.3% of those less than 25 years of age and 48.8% of those greater than 35 years of age) and may suggest an excessively high exposure. However, we do not know how many of those may have benefited from supplementary vaccination activities. For example, the nationwide policy to reduce maternal and neonatal tetanus by tetanus toxoid vaccination of pregnant women (since 1991) and women of child-bearing age (since 2010/11) was updated from 2011 to include diphtheria containing vaccine [28] (Dr. Siddhartha Datta, personal communication). Recent diphtheria outbreaks in the country are the result of low DTP vaccine coverage (78% DTP coverage in 2010 [29] ) and/or poor vaccine effectiveness [12] . Considering these outbreaks, our data emphasize the need for better vaccine coverage particularly in HCW.
The overall tetanus seroprevalence was 78.8% in our study. A significantly higher percentage of females were protected than males (89.8% versus 38.0%). We found a similarly high seroprevalence of tetanus antibodies (95%) in the mother cohort mentioned above (unpublished). This is an indication of the success of the nationwide vaccination policy for maternal and neonatal tetanus outlined above. This is also reflected in the high percentage of females who are seropositive for tetanus but not for diphtheria antibodies (38.7% of females compared to 14.4% of males). A decrease in tetanus antibody seroprevalence with age is due to older HCW that were not vaccinated as a child, during pregnancy or as women of child-bearing age. Waning antibodies may also play a role. 11.2% of participants were seronegative for both diphtheria and tetanus, indicating lack of exposure and vaccination against both diseases. Systematic (booster) vaccinations for diphtheria and tetanus should therefore be strongly recommended for Lao HCW.
The majority of participants had antibodies against measles (95.4%). As the measles vaccination was only introduced in 1989 and the vaccine coverage is still very low (68% in 2010 [29] ), very few of the adult HCW have ever been vaccinated, but had measles probably during early childhood. For rubella, 86.2% of participants were seropositive. As the rubella vaccination was only recently introduced, virtually all had rubella infections. While about 80% those below 25 years of age had rubella antibodies, above 45 years about 90% had such antibodies. 11.9% of the females were rubella antibody negative, 15.6% of those below <35 years and potentially at risk of a rubella infection during pregnancy. The higher seroprevalence in those with children (91.7%) compared to those without (84.8%) suggests that young children play a role in late rubella infections of women. Once again, the measles and rubella seroprevalence in the current study are similar to those found in the above cohort of mothers (approximately 91% and 89%, respectively; unpublished data). Similarly, the high seroprevalence of varicella zoster virus (95.0%) is probably a consequence of early life exposure since the vaccine is not included in the national immunization programme. These are the first data on seroprevalence of varicella zoster within the country, indicating that the virus is circulating widely within the population but the incidence of herpes zoster following reactivation of the virus is not known.
Although we do not detect increased risks of infection in clinical healthcare workers, our data show that an unacceptably high proportion of Lao HCW remain susceptible to infection with hepatitis B, diphtheria, tetanus and rubella. In Lao PDR, where serological testing is very limited even in the central hospitals and essentially impossible in most provincial and district hospitals, systemic vaccination of all HCW against HBV, diphtheria, tetanus and rubella is warranted [30] . In addition, vaccination records of HCW should be implemented.
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